Cryptococcus neoformans is a heterothallic basidiomycete which possesses a bipolar mating system based on two mating type alleles, MATa and MATa . In the type variety, C. neoformans var. neoformans, both mating types have been found among strains of one serotype, serotype D, whereas only MATa was identi ed after extensive survey of serotype A strains. Serotype A MATa appeared to be extinct or to exist only in a vestigial, non-functional form. We report the isolation of a C. n. var. neoformans serotype A MATa strain from the Italian environment. The strain was serotyped by slide agglutination test, genotyped by polymerase chain reaction (PCR) ngerprinting using the (GACA) 4 primer, and its haploid state was determined by ow cytometry. The mating type was identi ed by PCR ampli cation of the pheromone a gene. In addition, the ampli cation of the four STE20 alleles, speci c for the mating type of serotypes A and D, showed that the strain contains only the MATa locus. By crossing experiments the strain was found to be fertile. The interest in the nding of this fertile isolate is related to the possibility to construct a congenic pair of serotype A MATa/MATa strains to be used in genetic and pathogenesis studies.
Introduction
Cryptococcus neoformans is an opportunistic fungal pathogen which causes life-threatening infections in immunocompromised hosts, especially those with human immunode ciency virus (HIV) infection [1] . Two varieties have been recognised, which are divided into four serotypes on the basis of antigenic differences of the capsular polysaccharide. The varieties and serotypes are C. neoformans var. neoformans (serotypes A and D) and C. n. var. gattii (serotypes B and C) [2] [3] [4] [5] . An intermediate serotype, AD, has also been identi ed in C. n. var. neoformans [6] . Recently, a separate variety status was proposed for serotype A based on phenotypic and genetic differences with serotype D [7] .
Mating experiments have shown that C. neoformans is a heterothallic organism that possesses a bipolar mating system with two alleles, MATa and MATa [4, 5] . Both mating types have been identi ed among serotype B, C and D strains, whereas only MATa has been identi ed among serotype A isolates. The inability to recover a MATa strain suggested that this mating type could have been lost during the evolution of serotype A strains [8, 9] .
On the basis of its mating ability the yeast anamorph of C. neoformans was reported to be haploid [5] . A few strains, however, were found to be diploid by uorescence microscopy and by ow cytometry [10, 11] . Further investigations showed that AD strains were diploid and presented (GACA) 4 polymerase chain reaction (PCR) ngerprinting patterns, referred to as genotypes VN3 and VN4, suggestive of matings between serotype A and serotype D [12, 13] . Both a and a pheromones were detected in these diploid isolates [14] . More recently, the ampli cation of STE20a and STE20a alleles speci c for serotype A and D provided additional evidence that serotype AD strains originate from matings between serotype A and D [15, Cogliati et al., unpublished results] . The rst report of a serotype A MATa strain, which was shown to be mating defective, was recently published [16] . In the present study, we report the identi cation of a haploid serotype A MATa strain isolated from the Italian environment.
Materials and methods

Isolates
The strains included in this study are deposited in the following culture collections: Igiene e Medicina Preventiva, Università degli Studi di Milano (IUM, Milan, Italy), National Institutes of Health (NIH, Bethesda, MD, USA) and Duke University Medical Center (DUMC, Durham, NC, USA).
The C. neoformans strain studied, IUM 96-2828, was isolated from soil of a courtyard near an aviary, in Apulia, Italy. Three strains were used as references: NIH B4500 as serotype D MATa , NIH B4476 as serotype D MATa, and H99 (DUMC) as serotype A MATa .
Serotyping
Serotyping was performed by slide agglutination test using the Crypto Check Kit (Iatron Labs., Tokyo, Japan). Before each testing, the strain was isolated and one colony was selected.
Genotyping
Genotype was identi ed by PCR ngerprinting using the (GACA) 4 primer as previously described [12] .
DNA content determination
DNA content was determined by ow cytometry according to the procedure described by Tanaka et al. [11] .
Determination of the mating type by PCR
A 114 bp fragment of the pheromone a gene was ampli ed using the following pair of primers: 5 0 -ATGGACGCCTTCACTGCCATC-3 0 (forward) and (serotype A and D alleles) and STE20a (serotype A and D alleles) genes were ampli ed as described elsewhere [15] . PCR reactions were separated on a 1¢5% agarose gel.
Sequencing of the STE20 gene
Sequencing was performed by an ABI PRISM 310 automated sequencer (Applied Biosystems) using Big Dye Terminators (Applied Biosystems). Primers 5 0 -TCCACTGGCAACCCTGCGAG-3 0 and 5 0 -ATCAGA-GACAGAGGAGCAAGAC-3 0 , were used to sequence the forward and reverse strands of STE20a gene. Alignment was performed by Sequence Navigator software (Applied Biosystems).
Results
Strain IUM 96-2828 was identi ed as serotype A in three separate slide agglutination assays. PCR-ngerprinting displayed a VN6 pro le almost identical to H99, which is the reference strain (Fig. 1) . Using ow cytometry, strain IUM 96-2828 was shown to contain an amount of DNA equivalent to that found in the three reference haploid strains (Fig. 2) . Ampli cation of MATa C. neoformans pheromone gene failed in repeated performances, whereas MATa pheromone gene was ampli ed. Additionally, when the strain was ampli ed using the STE20 allele primers, only the serotype A STE20a primers gave a product. The same pair of primers did not amplify the three reference strains (Fig. 3) .
The PCR product of serotype A STE20a-speci c primers was sequenced. The sequence (GenBank accession no AY035877, www.ncbi.nlm.gov/Bankit/nhpbankit.cgi) matched a 768-bp region of the STE20 sequence (accession no AF315636) recently reported to be speci c for serotype A MATa [16] . Mating of IUM 96-2828 with mating type a tester H99 using the methods of Kwon-Chung et al. [17] yielded basidia and basidiospores after 5 days at 25 o C.
Discussion
The preliminary nding of a C. neoformans serotype A MATa strain was unexpected as more than 600 serotype A strains have been studied and all were found to be MATa in mating type [8, personal communication] .
The interest in a serotype A MATa isolate is related to the need to construct a congenic pair of strains to be used in genetics studies. As serotype A strains are the most common clinical isolates [18, 19] , the existence of a congenic pair would greatly facilitate molecular and genetic studies of this fungus. Most importantly, the MATa isolate can also be used to cross out second site mutations after mutagenesis, or transformation, which will greatly enhance studies of genes involved in virulence.
A report of a serotype A MATa strain from a Tanzanian acquired immune de ciency syndrome (AIDS) patient who died of cryptococcosis was recently published, but the isolate was mating defective [16] . On the contrary, IUM 96-2828 is a fertile serotype A MATa isolate. Viability and segregation studies on basidiospores produced by mating strain IUM 96-2828 with MATa reference strain are ongoing and results will be published in a separate paper. In future studies we intend to characterize the strain in detail, including the mating type locus, and to establish a congenic pair of MATa and MATa isolates that researchers can use for genetic and molecular studies. 
